7042. Leads that were initially implanted outside of Canada were excluded from participation in the study. Each lead will be continued to be followed for 18 months; however, the data presented in this article encompass the findings at the time the lead was entered into the registry.
Demographic data (age at implant, sex, and body mass index); clinical data including indication for ICD, date of implant, left ventricular ejection fraction at implant, and the most recent ejection fraction with the date of the measure; New York Heart Association class (if has congestive heart failure), diabetes mellitus, atrial fibrillation, peripheral vascular disease, chronic obstructive pulmonary disease, ischemic heart disease, creatinine, device/lead characteristics, device programming, baseline lead data, defibrillation testing at baseline and follow-up; and available radiographic data were recorded from the time of implant until the time of data entry. Lead failure, both structural and electrical, was recorded. Electrical lead failure was defined as one of the following: a sudden change in impedance (high voltage or other; rise or drop >50% >3-month period), inappropriate shocks/nonsustained ventricular tachycardia secondary to sensing of electrical noise artifacts from nonphysiologic potentials, or sudden pacing threshold rise for which no other cause is found; a loose set screw was required to be excluded at the time of replacement (if a revision was performed). 4 A suspected electrical lead failure was defined as a change in impedance only, which did not qualify for the criteria listed previously. Structural lead failure was defined as a visible disruption of the lead on radiographic examination by either cinefluoroscopy or chest radiographs, as described below. This may occur in isolation or in combination with electrical lead failure. The Riata lead was examined along the entire length visible in the image. Attention was focused on any areas where conductor(s) appeared to be separated from the rest of the lead, even if only slightly. An externalized conductor existed if all of the lead conductors did not fit within the shock electrode width. The pathway of the externalized conductor was assessed for its radius of curvature. In most cases, externalized conductors are known to have a different radius of curvature than the rest of the lead body. If the suspected externalized conductor occurred on the inside of a bend, the center of the conductor length would have a radius of curvature that is larger than the rest of the lead body. Although occurring less commonly, it is also possible to have suspected externalized conductors on the convexity of a bend. In this case, the suspected externalized conductor would have a smaller radius of curvature than the rest of the lead body. It is important to have noted the radius of curvature at the edges of the suspected externalized conductor area. At the edges, externalized conductors could have an abrupt change in pathway, marked by a small, localized radius of curvature. An externalized conductor was identified when the radius of curvature of the suspected externalized conductor was significantly different than the rest of the lead body.
All system revisions and deaths, regardless of cause, were collected. All data were entered into a computerized database (Dacima Clinical Suite 3.3.8) by appropriately trained research personnel. The following outcomes were adjudicated by an independent events committee to verify accuracy of the event: electrical lead failure, death with known cause or labeled as attributable to the lead, or system revision not done prophylactically or because of infection. Necessary data to adjudicate these events were obtained from the hospital records for that patient. Members of the adjudication committee were blinded to lead model and type. In the event of a disagreement, a full committee review occurred.
The primary outcome measures were death attributable to lead malfunction, rate of structural lead failure by lead model, time to electrical failure by lead model, and complications of system revision.
Complications were classified a priori as major and minor, as per definitions in the literature. 5 A major complication was classified as any of the outcomes related to the procedure, which were life threatening or resulting in death, any unexpected event that caused persistent or significant disability, or any event that required intervention or hospitalization. Minor complications included any undesired event related to the procedure that required medical intervention, or resulted in symptoms and did not persistently limit the patient's function, nor result in death.
Analysis
Background and demographic information were summarized by means of frequency distributions (for categorical variables) and descriptive statistics of mean, SD, minimum, median, and maximum (for continuous variables). Continuous variables were tested for baseline comparability between the clinical outcome groups of interest using the t test or the Wilcoxon rank-sum test. Categorical variables were tested for baseline comparability with the χ 2 test or Fisher exact test. Time to event analysis was conducted using the Kaplan-Meier method. Cox regression models were used to assess the effect of clinical and lead measures on time to lead failure. Variables that were found to be significant at a P<0.10 level on univariate analysis were assessed for inclusion in a multivariable model; collinearity between variables was assessed and only was used if this were present. Time and hazard data were taken from the Kaplan-Meier analysis. A log-log plot (ie, logarithm of the
WHAT IS KNOWN
• Lead advisories result in significant morbidity for patients with transvenous defibrillators.
• It is unclear if the presence of cable externalization in the Riata lead under advisory predisposes to an increased risk of subsequent electrical failure.
• It is unclear whether lead extraction or abandonment is of benefit in management of leads under advisory.
WHAT THE STUDY ADDS
• The Riata lead has a steady failure rate, but does not appear to be accelerating given the current information.
• Cable externalization is associated with a greater long-term risk of electrical failure.
• Lead abandonment does not appear to be related to adverse consequences and may be safer than lead extraction in patients with a Riata lead under advisory. hazard versus logarithm of time) of the hazard data provides a visual depiction of the changing instantaneous risk of fracture over time. Assuming log(h(t))=log(a)+blog(t), then the slope parameter (b) provides an indication if the risk of fracture is either increasing (b>1), decreasing (b<1), or remaining constant (b=1) over time.
The slope parameter was estimated using linear regression analysis. The 95% confidence limits of the linear model were calculated using the line of best fit. The 95% prediction interval takes into account the fluctuation in the log(h(t)) that may occur for any given risk of fracture. P values <0.05 were considered to be statistically significant. All analyses were performed using SAS version 9.4.
Results
Of the 5043 Riata leads implanted in Canada subject to advisory, detailed information on lead status was obtained on 3763 leads (74.6%; Table 1 ). The distribution of leads by 7-and 8-French is shown in Figure 1 . Of 26 implant centers invited to participate in Canada, 17 centers agreed and enrolled 100% of their patients that fulfilled criteria for inclusion into the study. The mean age at the time of original lead implantation was 63.4±11.9 years, of which 19.3% were women. The majority of patients underwent ICD implantation for a primary prevention indication (63.3%); the mean left ventricular ejection fraction was 30.8±12.2%. Ischemic heart disease was the underlying cause in 70.4% of patients. Vital status at the time of the baseline assessment was available on 3552 (94.4%) patients; of these, 1161 (32.7%) had 
Lead Characteristics
A total of 2491 (66.2%) leads were 8 French, 84.6% were active fixation and 83.4% were dual coil ( Table 2 ). The most common venous approach for lead implantation was subclavian (69.3%), followed by cephalic (28.4%). At the time of this study, a total of 516 (13.7%) leads had been revised ( Table  3 ). The most common reason for revision was either an electrical (n=209, 5.6%) or structural abnormality (without electrical failure; n=86, 2.3%). Revisions for lead dislodgments totaled 2.4% (n=90) of the whole group. There were 2.9% (n=110) of leads revised either because of patient/physician preference or at the time of pulse generator change because of the advisory alone. The rate of lead removal because of infection was 1.7% (n=64).
Electrical Failure
The cumulative incidence of electrical failure was 5.2% at 8 years. Figure 2 demonstrates the cumulative incidence by lead model, indicating no significant difference in the rate of electrical failure over time (log-rank P=0.56). The available followup for the 8-French lead model was longer, the 10-year failure rate in this lead was found to be 7.1%. The most frequent mode of presentation of electrical failure was oversensing of electrical noise, occurring in 34.8% of cases (Table 4 ). Compromised pacing and increasing right ventricular pacing impedance were the next most common manifestations of electrical lead failure. Three patients (0.08% of total cohort) were found to have failure to defibrillate, with 1 death (0.03%) occurring as a result. Abnormal high-voltage impedance was detected in 9 patients (8.0%), one of these were detected at the time of a pulse generator change and the other at the time of high-voltage therapy.
To determine whether the hazard of failure was increasing over time, a log time versus log survival plot was created ( Figure 3 ). The slope of the line was found to be 0.75, indicating no increasing rate of failure over the entire dwell time of the lead.
Cable Externalization
Radiographic data were available on 1567 (41.6%) leads in the cohort, 70.5% (n=1105, 44.4% of all 8-French leads in the cohort) were 8 French and the remaining 29.5% (n=462, 36.3% of all 7 French leads in the cohort) were 7 French. Of these, 1139 (72.7%) underwent chest radiographs only, the remainder underwent cinefluoroscopy. Cable externalization was present on radiographic examination in 144 (9.2%) leads. In the 127 leads with electrical failure in this cohort, cable externalization was present in 21 (14.4%). The rate of cable externalization in 8-French leads was detected to be 12.3%, while it was found to be 5.2% in 7-French leads (P<0.0001). The time to cable externalization could not be determined with precision because radiographic examinations were performed at the discretion of the implant center; however, the median time to the detection of cable externalization was shorter (6.1 [interquartile range 1.8]) versus 7.8 [interquartile range 2.6] years, P<0.001) in the 7-French leads, when compared with the 8-French leads. A total of 14.4% of radiographically externalized leads were found to have electrical failure, whereas those without externalization had electrical failure in 7.5% (P=0.0057; Table 5 ). Electrical failure was found to occur more frequently in 8-French lead models with cable externalization than without (14.1% versus 7.5%, P=0.0212). A similar trend was observed in 7-French lead models, but this was not statistically significant (17.4% versus 7.3%, P=0.0942).
Predictors of Electrical Lead Failure
Several clinical characteristics were found to be associated with a higher rate of electrical lead failure on univariate analysis, including younger age, higher body mass index, secondary indication for ICD, higher left ventricular ejection fraction, absence of symptoms of heart failure, and presence of cable externalization ( 
Complications Because of Lead Revision
Overall, major complications because of lead revision for any reason occurred in 9.7%, with no difference between lead models (Table 8 ). Lead revision with lead extraction had a significantly higher rate of major complications, when compared with lead revision with abandonment (18.6% versus 5.2%, P<0.0001). Infection, after lead revision, was the most common complication observed (3.4%). Superior vena cava rupture or cardiac perforation occurred in 7 (1.2%) patients, with all of these occurring in those patients who underwent lead extraction. Two patients died as a result of lead revision, 1 patient died of endocarditis 2 days post lead extraction, the second patient died of ventricular arrhythmia refractory to therapy. The initial indication for extraction in both of these cases was infection. Those patients who underwent lead revision for reasons because of the advisory (electrical or structural abnormality, patient/physician preference, at the time of generator change) had 23 (7.2%) complications, with the most common complication being infection requiring system removal ( Table 9 ). Similar trends in higher rates of complications with lead extraction (13.9% versus 5.5%, P=0.0295) were observed; in this group, there were no deaths due to revision, but there were 3 cases of superior vena cava rupture or cardiac perforation, all occurring in the lead extraction group.
Discussion
This comprehensive national registry demonstrates several important findings about the St. Jude Medical Riata lead under advisory. The electrical failure rate at 8 years is 5.2%, with no difference between lead models. Cable externalization was demonstrated to be significantly associated with electrical lead failure, with an almost 3-fold risk in a multivariate model, as was a higher ejection fraction and the presence of a passive fixation lead. Overall, cable externalization was present in a small proportion of leads with electrical lead failure (14.4%), with the remainder having a presumed outside-in insulation abrasion as the mechanism of failure. Finally, lead extraction was found to be associated with a higher rate of major complications, but no difference in the rate of major complications was observed between lead type, with or without extraction. The electrical failure rate observed with the Riata lead is significantly lower than that seen with the Sprint Fidelis lead, recalled in 2007. 6 The sharp contrast in lead failure rate is demonstrated in Figure 4 . 7 The sustained and increasing failure rate seen with the Fidelis lead is not seen with the Riata under advisory, which demonstrates a slower but steady failure rate, associated with insulation abrasion. This should also be compared with the demonstrated reliability of currently implanted leads, such as the Sprint Quattro that demonstrated a failure rate of 0.43% per year, and the Optim-insulated ICD leads which had similarly low rates of failure (0.46%) over 3.2 years. 8, 9 Interestingly, despite cable externalization being associated with electrical failure and cable externalization being more prevalent in the 8-French lead model, the overall rate of electrical failure was similar in both lead models. 10 This suggests that the smaller caliber 7-French lead may be more susceptible to outside-in abrasion, accounting for the similar rate of electrical failure, without inside-out abrasion being the major contributor to electrical failure. Overall, these findings have significant implications to ongoing management of patients with this lead under advisory. The rate of electrical failure is modest, but the presence of the risk factors identified in this study may help guide clinical management. The decision to intervene at the time of a system revision for another reason may be modulated by the presence or absence of cable externalization, a higher left ventricular ejection fraction, and a passive fixation lead. The use of routine radiographic screening is not supported by the findings in this study.
Overall, cable externalization alone was present in 85.5% patients without any evidence of electrical abnormalities. Thus, the majority of patients with cable externalization do not have electrical failure. Zeitler et al 11 performed a meta-analysis examining the risk of cable externalization as they relate to electrical failure and found that they were associated with a 6-fold risk, but that there was ongoing risk of electrical failure without visible cable externalization, similar to our findings. The mechanism of electrical failure in these patients is not elucidated by this study, but the results do correspond to previous work where inside-out abrasion was found in only 27.9% when returned product analysis was performed on leads with documented electrical failure. 12 It remains possible that cable externalization is a manifestation of increased mechanical stress on the lead, and that insulation-can abrasion is ultimately the mechanism of electrical failure. Alternatively, it may be that cable externalization is present but is not visible, as it may occur under the can or beneath the shock coil. Most importantly, our findings support the practice that patients who present for system revision with a Riata lead under advisory should undergo fluoroscopic screening to evaluate for radiographic evidence of cable externalization and the decision to intervene on the lead would need to be discussed with the patient in advance of the procedure, with careful weighing of risks and benefits of intervention at that time. Given the increased risk of electrical failure associated with cable externalization, it would seem that lead revision should be strongly considered concurrently with system revision for another reason. Whether early intervention for asymptomatic cable externalization should be performed is not answered by our study, but given earlier data on prophylactic intervention, this would remain unadvisable. 13 The presence of high-voltage impedance abnormalities was found at a low rate in this study (8% of all revisions and 0.24% of cohort), but this may be an underestimate because not all leads were subject to high-voltage testing. This remains an important mechanism of failure because the resultant complications can lead to failure to defibrillate or death, as seen in 3 patients in this cohort. Overall, this remains an uncommon manifestation of electrical failure, but this risk must continue to be considered in discussions with patients; high-voltage testing with a synchronized shock at the time of system revision should be considered in all patients in an attempt to mitigate this risk. Induction of ventricular fibrillation is likely unnecessary, as it carries its own risks as shown by previous studies. It should be noted, however, that a single high-voltage test would only unmask an abnormality that already exists but does not predict the occurrence of subsequent electrical failure. 14, 15 The predictors of lead failure seem to be related to inherent differences in construction of the lead and patient characteristics, where passive fixation leads are at increased risk, as are patients with a higher left ventricular ejection fraction. Younger age and absence of heart failure were predictors of electrical abnormalities on univariate analysis, supporting the notion that patients who are increasingly active are at risk for electrical abnormalities.
Laser-assisted extraction of this lead is associated with a significantly higher risk of major complications when compared with lead abandonment with revision. The deaths that occurred periprocedurally after lead extraction were both in patients undergoing the procedure for device-related infection. This highlights the importance of prevention device-related infection, and that all precaution to guard against this should be used. Finally, the decision to extract these leads must be weighed carefully with any potential benefit of removing the lead. Only one case of lead-to-lead interaction was observed in this study, which led to a decision to extract complicated by superior vena cava perforation.
This study provides a cross-sectional view of Riata lead behavior, where the findings are subject to the limitations of any retrospective cohort study including missing data and inaccuracies of database entry. The use of radiographic screening and high-voltage testing was not mandated as part of the study and were left to physician discretion. The data examining time to cable externalization are subject to significant bias because they may be highly influenced by case finding and should be interpreted with caution. The registry will continue to collect follow-up for a further 18 months to evaluate whether issues such as lead-to-lead interaction, complications with lead extraction, and rate of failure change over time. Importantly, several valuable findings were obtained from this comprehensive examination of this advisory lead.
Conclusions
The Riata lead under advisory demonstrates an ongoing clinical scenario where patients and physicians require current information on risks of electrical failure, particularly in the presence of cable externalization. This cross-sectional study provides several important observations to guide clinical care.
